Although asbestos stimulates oxygen radical generation in alveolar macrophages, the exact mechanism is still not clear. The purpose of this study was to compare the ability of three asbestos fibers (amosite, chrysotile, and crocidolite) to generate oxygen radicals in macrophages and examine the mechanism of this action. All asbestos fibers were able to induce chemiluminescence but chrysotile induced maximal chemiluminescence at higher concentrations than amosite and crocidolite. Protein kinase C (PKC) inhibitors (sphingosine and staurosporine) suppressed the ability of asbestos to induce oxygen radical generation. Phospholipase C (PLC) inhibitors (U73122 and neomycin) and protein tyrosine kinase (PTK) inhibitors (erbstatin and genistein) decreased oxygen radical generation of asbestos-stimulated alveolar macrophages. Oxygen radical generation was not suppressed by an adenylate cyclase activator (forskolin), a protein kinase A inhibitor (H-8), and a protein serine-threonine phosphatase inhibitor (okadaic acid). PLC and PTK inhibitors suppressed the increment of phosphoinositide turnover by amosite. These results suggest that asbestos fibers induce the generation of oxygen radicals through PTK, PLC, and PKC pathways in a dose-response pattern.
Introduction
Asbestos, a fibrous particle, causes pulmonary fibrosis, bronchogenic carcinoma, and mesothelioma (1, 2) . Several reports suggest that the toxicity of asbestos is mediated by oxygen radicals in these diseases. Asbestos stimulates the release of oxygen radicals from alveolar macrophage(s) (AM) and the generation of oxygen radicals is an important primary event in asbestos-induced cell injury (3) (4) (5) (6) (7) . Among asbestos fibers, chrysotile induces the generation of oxygen radicals in AM at noncytotoxic doses whereas crocidolite and amosite do not (8) . One study reports no stimulatory effect of crocidolite in AM (9) , but some authors note the generation of oxygen radicals in crocidolite-stimulated AM (4, 10) . These results suggest that asbestos fibers have different capabilities in the generation of oxygen radicals.
Although the exact mechanism for the release of oxygen radicals is not clear yet, it has been accepted that asbestos stimulates oxygen radical generation by interaction with membranes of AM; the signal transduction pathway for this phenomenon also involves phospholipase C (PLC) and protein kinase C (PKC) pathways (8) . PLC hydrolyzes phosphatidyl inositol biphosphate (PIP2) to diacylglycerol (DAG) and inositol triphosphate (IP3). Whereas IP3 increases intracellular calcium by releasing calcium from the endoplasmic reticulum, DAG activates PKC (11) . PKC has been known to activate a reduced nicotinamide adenine dinucleotide phosphate oxidase on the plasma membrane, which produces superoxide anions from oxygen (12) .
In human AM, silica increases the tyrosine phosphorylation of proteins at 46 and 50 kDa, which suggests the activation of a tyrosine kinase pathway (13) . Currently there is no information about the role of the tyrosine kinase pathway in asbestos-stimulated AM. Chrysotile increases intracellular calcium by opening calcium channels. Intracellular calcium seems to prolong the production of chrysotile-stimulated superoxide anion, but it is not clear whether intracellular calcium may be involved in the release of oxygen radicals from amphiboles at an early stage (1) .
The purpose of this study was to examine the hypothesis that three asbestos fibers ( the final DMSO concentration was no higher than 0.1%.
All experiments were performed with male Sprague-Dawley rats (250-300 g). We used seven rats for chemiluminescence and two rats for PLC activity. LPS was administered at 0.4 mg/kg. Rats were given LPS via trachea under ketamine anesthesia 20 hr before AM isolation. The animals were anesthetized with sodium phenobarbitone (50 mg, ip). AM were harvested by bronchoalveolar lavage. Bronchoalveolar lavage was performed by cannulating the right and left main bronchi with a sterilized 19-gauge polypropylene tube. Saline solution (10 ml) was injected into the lung via a polypropylene tube and then slowly aspirated into a collection trap using a syringe of negative pressure. This procedure was repeated 10 times. Thereafter, cell suspension was centrifuged at 300 xg for 10 Concentration, mg/ml [3H]inositol phosphates were eluted sequentially using 0. (8) .
In this experiment, we observed the effects of protein tyrosine kinase (PTK) inhibitors on asbestos-induced chemiluminescence. Genistein and erbstatin suppressed asbestos-induced chemiluminescence (Table 1 amosite-stimulated PI turnover, and erbstatin inhibited the action of amosite on PI turnover (Table 2) . From these results, we suggest that the activation of PTK and PLC is involved in asbestos-induced PI turnover.
In summary, different asbestos fibers induced the generation of oxygen radicals with different dose-response patterns. Our results also show that asbestos stimulated oxygen radical generation in AM through PTK, PLC, and PKC pathways. Moreover, intracellular calcium might play an important role in oxygen radical generation.
